Understanding the environmental factors determining the distribution of species with different range sizes can provide valuable insights for evolutionary ecology and conservation biology in the face of expected climate change. However, little is known about what determines the variation in geographical and elevational ranges of alpine and subalpine plant species. Here, we examined the relationship between geographical and elevational range sizes for 80 endemic rhododendron species in China using Spearman's rank-order correlation. We ran the species distribution modelmaximum entropy modelling (MaxEnt)with 27 environmental variables. The importance of each variable to the model prediction was compared for species groups with different geographical and elevational range sizes. Our results showed that the correlation between geographical and elevational range sizes of rhododendron species was not significant. Climate-related variables were found to be the most important factors in shaping the distributional ranges of alpine and subalpine plant species across China. Species with geographically and elevationally narrow ranges had distinct niche requirements. For geographical ranges, the narrowranged species showed less tolerance to niche conditions than the wide-ranged species. For elevational ranges, compared with the wide-ranged species, the narrow-ranged species showed an equivalent niche breadth, but occurred at different niche position along the environmental gradient. Our findings suggest that over large spatial extents the elevational range size can be a complementary trait of alpine and subalpine plant species to geographical range size. Climatic niche breadth, especially the range of seasonal variability, can explain species' geographical range sizes. Changes in climate may influence the distribution of rhododendrons, with the effects likely being felt most by species with either a narrow geographical or narrow elevational range.
Introduction
Global climate change is expected to have an impact on the distribution of species (Thomas et al. 2004 , Parmesan 2006 . Given the overall recorded rise in temperature, there are two likely consequences for species that are limited in their distribution by temperature constraints. Some species may shift their ranges to higher altitudes or higher latitudes, whereas others may experience a decrease or even extinction due to their slow migration rates or the limited availability of new habitat that results from the synergistic effects of a narrow niche and small range size (Ohlemuller et al. 2008 , Chen et al. 2011 , Lenoir and Svenning 2015 . Although individual species may have idiosyncratic responses to climate change, species that share the same ecological trait might respond in the same way (Thuiller et al. 2005) . Range sizereflecting interspecific differences of ecological tolerance, dispersal ability and evolutionary historyis a basic unit in biogeography and can be considered to be a species trait (Thompson et al. 1999 , Olalla-Tarraga et al. 2011 . The size of a species range is, at least partially, a spatial representation of its degree of specialization (Devictor et al. 2010) . Range size has been used to predict the global extinction risk (Purvis et al. 2000 , Botts et al. 2013 ) and the factors determining species' range sizes likely affect their capacity to alter their ranges in response to climate change (Thomas et al. 2001 , McCauley et al. 2014 . Consequently, understanding the environmental factors determining the distribution of species with different range sizes can provide valuable insights for evolutionary ecology and conservation biology in the face of expected climate change.
Why some species have highly restricted geographic ranges while closely related species have widespread distributions has long fascinated ecologists and biologists (Brown et al. 1996 , Gaston 1996 . A variety of hypotheses and paradigms have been proposed to explain the variation seen in geographical range sizes between species, including climatic variability (Stevens 1989) , evolution (Gaston 1996) , complex interactions (Brown et al. 1996) , niche breadth (Gaston et al. 1997, Gaston and Spicer 2001) , energy availability (Morin and Chuine 2006) , climate tolerance (Pither 2003) , glacial history (Jansson 2003) , colonization ability (Lowry and Lester 2006) , and a combination of habitat area and climate stability (Morueta-Holme et al. 2013 ). Among these hypotheses, the niche breadth hypothesis, which has recently gained more support, suggests a positive correlation between niche breadth and geographical range size (Boulangeat et al. 2012 , Botts et al. 2013 . Brown (1984) indicated that species which can utilize a greater array of resources and that can maintain viable populations under a wider variety of conditions should become more widespread. Based on this, the niche breadth hypothesis states that species with a broad niche can persist in a wide range of different habitat types, while species with a narrow niche will be restricted to those places where their specific niche requirements are met. Botts et al. (2013) and Slatyer et al. (2013) defined three general categories for the niche breadth: climate tolerance, habitat tolerance and diet. In terms of climate tolerance, Stevens (1989) proposed that species able to tolerate a larger climate variation should occupy larger geographical areas than species with less tolerance. In addition, the climate extreme hypothesis (represented by the lowest temperature of the coldest month or quarter) also gained support in some studies (Pither 2003 , Kreyling et al. 2015 . Meanwhile, climate-and soil-related variables are often used together as representations of habitat in species' range size studies (Kockemann et al. 2009 , Pannek et al. 2013 . The reasoning is that climatic and edaphic variables are the functional variables of temperature and water and nutrient availability that limit the growth and distribution of plants (Munns 2002) . Thus, tolerance to a wide range of climatic and edaphic conditions should be associated with greater range sizes (Morin and Lechowicz 2013) . Furthermore, topography also contains information about a region's climatic history, hydrology and geodynamics, and it determines the light available for plant growth. It is, therefore, often considered as a representation of habitat. In addition, topographical barriers are physiological barriers for species dispersal and affect distribution patterns, including range sizes (Janzen 1967 , Ghalambor et al. 2006 .
However, the relative importance of these basic factors of 'niche breadth' (i.e. climate, topography and soil) in shaping the distribution of plant species with different range sizes is unclear. The question is whether these basic factors are equally important in explaining the distribution of narrow-and wide-ranged species within a large extent? Or is climate alone more important for the narrow-ranged species that are expected to be more sensitive to climate change? Additionally, the term 'climate' refers to a diverse set of measurable variables. It matters which variables are important for the distribution of a species if we want to determine the impact of projected trajectories of climatic change on species' shifts in ranges.
In recent years, alpine and subalpine plant species have increasingly become a conservation concern because it is anticipated they will be affected by climate change (Theurillat and Guisan 2001, Pérez-García et al. 2013) . Alpine and subalpine plant species that cover a wide geographical range could also be expected to cover a wide elevational range (Blackburn and Ruggiero 2001) . However, a species with a narrow geographical range might still occupy a wide elevational range, for example, when it occupies one specific but long hill or mountain slope. This may lead to different conclusions about which environmental factors are most important for species with a given range size. Interestingly, most macroecological studies have only considered geographical ranges, while the relationship between geographical and elevational range sizes has been less well studied (McCain 2006) . Very few studies have related these two types of range sizes together. Blackburn and Ruggiero (2001) showed that there was a strong correlation between geographical and elevational range size for Andean passerines, while McCain (2006) reported no relationship between geographical and elevational ranges for Costa Rican rodents. White and Bennett (2015) recently found that elevational range size is a strong independent predictor of extinction risk that is complementary to geographical range size.
In this study, we examined the factors that control the subcontinental distribution of a key alpine and subalpine genus, the Rhododendron (Ma et al. 2014) . The rhododendron genus forms a major component of vegetation in the Himalayan alpine zone (Li et al. 2013 , Ma et al. 2014 . Moreover, rhododendrons display a great variation in range size (Kumar 2012) . Some rhododendron species occur throughout most of the northern hemisphere, while others are highly restricted to small regions. A number of rhododendron species have a wide elevational range, from 800 to 3000 m, while other species only grow in the upper part of the montane zone (Liang and Eckstein 2009) . The rhododendron species' large variation in geographical and elevational range sizes, and their dominant role in alpine and subalpine ecosystems, makes the rhododendron an ideal genus to test how climatic, topographic and edaphic variables shape the distribution of narrow-and wide-ranged species.
This study addresses three inter-related questions: (1) Do alpine and subalpine plant species with narrow geographical ranges also have narrow elevational ranges? (2) Are climatic, topographic and edaphic variables equally important in determining the distribution of alpine and subalpine plant species with different range sizes? (3) What factors determine the variation in geographical and elevational ranges of alpine and subalpine plant species?
Methods

Study area and species data
The study area covers the whole of China (Figure 1 ). China harbours about 542 rhododendron species, which are widely distributed across most regions (except Xinjiang and Ningxia provinces) with a wide range of climatic, topographic and edaphic conditions. Records on rhododendron presence were collected from seven herbaria and botanical museums (Herbarium of the Institute of Botany, Herbarium of the Kunming Institute of Botany, South China Botanical Garden, Wuhan Botanical Garden, Sichuan University of Botany, Sichuan Forest School and Lushan Botanical Garden). Because a high locational accuracy is required for studying plant species distribution, all records with inadequate descriptions of the location (e.g. mentioning only a county or mountain) were excluded. Our resulting dataset with 406 species comprised 13,126 georeferenced records with a spatial uncertainty of less than 1 km.
Environmental variables
We collected climatic, topographic and edaphic data from a number of sources, and included a total of 27 variables (Table 1) . For the climatic data, we used the bioclim variables (Hijmans et al. 2005 , available at http://www.worldclim.org) which are based on the current conditions at 30 arc-seconds resolution (~1 km at the equator). The digital elevation model (DEM) was derived from the SRTM (http://www.cgiar-csi.org/ data/srtm-90m-digital-elevation-database-v4-1#download), with a resolution of 90 m. Slope gradient and aspect were calculated from the DEM using Horn's algorithm in ArcGIS10.2 (ESRI, Inc., Redlands, California, USA). Edaphic data was collected from the global 3D soil information system SoilGrid at 1 km spatial resolution (ftp://ftp.soilgrids.org/ ; Hengl et al. 2014) . From the available data layers, we selected soil pH, organic carbon and soil texture (i.e. sand, silt and clay fraction). The mean value of organic carbon was based on a depth of 0-30 cm, because the content of organic carbon decreases with the soil depth, and the top 20 cm is the layer which has the highest correlation of soil organic carbon and vegetation type (Jobbagy and Jackson 2000) . Given that rhododendrons cover many life forms, we selected the 30-60 cm depth for measuring the other soil characters (i.e. soil pH and soil texture, Hengl et al. 2014) . We used 1 km as a standard resolution for all the environmental variables because this is the highest resolution SoilGrid provides. , Elith et al. 2011 . Because our data were collected from seven herbaria and botanical museums which hold rhododendron records over more than 50 years, we would consider absences in certain regions reflect absences of rhododendron, rather than absence of sampling effort. When fitting SDMs, there is ideally no strong correlation between the explanatory variables, that is, no collinearity. If our aim is to predict the distribution of rhododendrons, we cannot do any analysis without eliminating the multicollinearity. However, we focus on the determining factors of rhododendrons with different range sizes, a priori information about selecting the determining factor was not available for rhododendrons. Therefore, excluding variables from our analysis would be mainly subjective. In addition, MaxEnt has an internal procedure to handle multicollinearity of environmental variables, which has been verified by a number of studies (Prates-Clark et al. 2008 , Elith et al. 2011 . Meanwhile, we used the correlation matrix (Appendix Figure A1 ) to provide an objective reference for our discussion. Therefore, the corresponding categorical variables for each model were all retained.
To reduce the effects of spatial autocorrelation, occurrences of rhododendron observations at least 2 km apart from each other were retained, we used the 'spatially rarefy occurrence data tool' in SDMtoolbox (http://sdmtoolbox.org/) to complete this process. Species with at least 30 occurrences were selected for modelling (Wisz et al. 2008) . While data sources and analyses often stop at political boundaries, species ranges obviously do not. In order to eliminate the potential effects caused by artificial boundaries, only 80 species endemic to China were used in this study ( Figure 1 ). For each species, 70% of the occurrence data was used for model training and 30% for validation (Williams et al. 2009 , Kumar 2012 , Jiang et al. 2014 . For each selected rhododendron species, four models using different suites of input data (climatic, topographic, edaphic and all variables combined) were generated (the number of samples used for training and evaluation in the full model are given in the Appendix, Table A1 ). The recommended default values were used for the convergence threshold (10 −5 ) and maximum iterations (500), while 10,000 background points were accepted (Phillips et al. 2006) . The regularization values that were included to reduce over fitting were set to 1, and the selection of 'auto feature' was carried out automatically by the programme. Cross validation was selected to estimate model performance. Feature selection and the regularization value are two key parameter settings in MaxEnt. Tuning of the feature and regularization value may produce different results, especially for datasets with a geographic sampling bias and small sample sizes (i.e. less than 20 species localities) according to Anderson and Gonzalez (2011) . This, however, was not the case in our study, given the amount of sampling effort and large sample size (at least 30 occurrences for each species). We, therefore, regard the default settings for feature selection and regularization in MaxEnt as appropriate here.
In order to compare the importance of four categories (climate, topography, soil and full), we employed the area under the receiver operating characteristic curve (AUC) statistic (Fielding and Bell 1997) , a threshold-independent method, and the true skill statistic (TSS) (Allouche et al. 2006) , which is a threshold-dependent, goodness-of-fit method. AUC ranges between 0.5 and 1, with 1 denoting a perfect discrimination between presence and absence, and 0.5 denoting random discrimination. TSS is an index that takes sensitivity (probability that a predicted presence is a true presence) and specificity (probability that a predicted absence is a true absence) into account. To calculate TSS, model output (which ranges continuously between [0,1]) needs to be converted into presence or absence using a threshold value. The threshold was set to the value at which TSS is maximized (TSS max ). This version of TSS is not sensitive to prevalence (the fraction of presences in the training dataset; Liu et al. 2013) . TSS is calculated from: TSS = sensitivity + specificity −1. TSS ranges from −1 to +1, where +1 indicates perfect agreement, −1 indicates a perfect inverse prediction (i.e. predicted absences are in fact presences and vice versa), and values of zero indicate a performance no better than random (Allouche et al. 2006 ).
Species' range size
We projected all records to a Lambert azimuthal equal area coordinate system and calculated the geographical range size of each species as the summed area of occupied grid cell with a grain size of 3528 km 2 (59.4 × 59.4 km,~0.5°× 0.5°). The grain size of 0.5°w as chosen because these medium-sized grid cells allow for a trade-off between high accuracy and informative value regarding the size of the species ranges at a large extent (Wang et al. 2012 , Köster et al. 2013 ). Elevational range size was calculated as the difference between the maximum and minimum elevation of each species. The estimated range sizes might be subject to a certain degree of bias due to varying sampling efforts (Köster et al. 2013) , however, as we have mentioned above, considering the long term and intensive collecting work of rhododendron data, we would not regard sampling bias as a problem in this study.
We then ranked the 80 species from the most narrow ranged to the most wide ranged, and partitioned the species over the four quartiles: small (Q g 1 and Q e 1), medium (Q g 2 and Q e 2), large (Q g 3 and Q e 3) and very large (Q g 4 and Q e 4) quartiles (20, 20, 20 and 20 species per quartile, respectively) for both geographical (Q g ) and elevational (Q e ) range sizes (Figure 2) .
Statistical analyses
We used the non-parametric Spearman's rank-order correlation to estimate the relationship between geographical and elevational range sizes, because the geographical range sizes had a very skewed distribution due to four species having a very large range size (over 3 × 10 6 km 2 , Figure 2(a) ). We performed a non-parametric Mann-Whitney U test to examine whether the difference of model performance (AUC and TSS max ) was significant. We used variable contribution, a standard output of MaxEnt expressed as percentage, to estimate the importance of variables in explaining the distribution of the rhododendron species. Response curves, which are also part of the output from MaxEnt, were used to interpret how individual variables affect the probability of presence of rhododendron species belonging to the different quartiles of range sizes.
Results
Relationship between geographical and elevational range size
The correlation between geographical and elevational range sizes of rhododendron species was not significant (r = 0.17, P = 0.13; Figure 3 ), indicating that geographically narrow-ranged species do not necessarily also have a narrow range in elevation and vice versa. Thus elevational range size can be considered as another trait than geographical range size. In our further analyses, geographical and elevational range size groups will be analysed separately.
Model performance of the four categories of environmental variables
The fitted models based on climatic, topographic, edaphic and all (full) variables showed differences in prediction accuracies (Figure 4 , P < 0.01). When comparing each model's AUC and TSS for all 80 rhododendron species, the climatic and full models had significantly higher predictive accuracy than the topography and soil models. With a mean AUC value of 0.978 and TSS value of 0.919, the climate model had slightly higher absolute scores compared with the full model (AUC = 0.975, TSS = 0.903, model performance of 80 species see Appendix Table A1 ), but the difference was not significant. 
Importance of variables across geographical range sizes
We considered the top five most explaining variables for further analysis, which in total explained between 60% and 70% of the distribution of species ( Figure 5 ). The mean contribution of variables across all species within a range size groups is reported hereafter. The average importance of isothermality (Bio3;~33%) for geographically narrowranged species (Q g 1) became gradually less for geographically wide-ranged species (~11%), while the average importance of seasonality (Bio4) and temperature annual range (Bio7) increased for the geographically wide-ranged species (~19% and 9%). Elevation and precipitation in the driest month (Bio14) had a similar importance across range sizes. The importance of annual precipitation (Bio12) also changed significantly across range sizes, only contributing~2% for Q g 1, but up to 12% for the other three quartiles (Q g 2, Q g 3 and Q g 4). Slope was only important for the geographically narrowranged species. Figure 5 . Contributions of the 27 environmental variables sorted from highest to lowest across geographical range size groups (Q g 1-Q g 4, see Figure 2 ).
The responses of the important variables in the prediction for the four geographic range size groups as well as for each species were showed in Figure 6 and Figure A2 , respectively. According to the response curves, the geographically narrow-ranged species (Q g 1) occurred in areas with less variation in the diurnal temperature range than in the annual temperature range (i.e. higher values for isothermality (Bio3) of about 0.4-0.55) compared with the other three quartiles (with ranges in Bio3 of 0.2-0.55). They also occurred in areas with a narrower range of temperature seasonality (Bio4 between 2.75 and 6). Precipitation in the driest month (Bio14) from 5 to 30 mm and a slope gradient of 15-40°would be favoured by Q g 1. In general, the geographically wide-ranged species (Q g 2-Q g 4) can be found over broader ranges of these conditions than the geographically narrow-ranged species (Q g 1).
Importance of variables across elevational range sizes
For the elevational range size groups (Figure 7) , isothermality (Bio3) was significantly important (32%) for the middle-ranged species (Q e 2 and Q e 3). Ranked as the third important variable, elevation contributed around 10% for all four groups. Temperature seasonality (Bio4,~17%) and annual temperature range (Bio7,~8%) were more important for elevationally wide-ranged species (Q e 4), while precipitation in the driest month (Bio14,~20%) and in the driest quarter (Bio17,~14%), and the precipitation of the coldest quarter (Bio19,~11%) were only important for species with a narrow elevational range (Q e 1). The responses of the important variables in the prediction for the four elevational range size groups as well as for each species were indicated in Figure 8 and Figure A3 , respectively. The responses curves showed that the species with elevationally medium and wide range (Q e 2, Q e 3 and Q e 4) did not in fact tolerate a wider range of conditions than the narrow-ranged species. In general, narrow-ranged species (Q e 1) showed a shifted pattern compared to the other quartiles. For example, Isothermality (Bio3) played a primary role in all the groups (significantly important for Q e 2 and Q e 3), but the narrowranged species were generally found in areas with large variations in diurnal temperature relative to the annual temperature range (i.e. low values [0.2-0.35] of isothermality). Precipitation in the driest month (Bio14) was the most important factor for Q e 1. Narrowranged species occurred in areas where precipitation in the driest month (Bio14) was ≥20 mm (up to 200 mm), while the other three quartiles occurred in areas with up to 50 mm at most. Q e 1 also occurred in the temperature seasonality (Bio 4) range of 2-10°, while this range shrank to 2-8°for the medium-and wide-ranged groups. Our results support earlier studies which concluded that climatic variables play an important role in shaping plant species' range when they occur over large spatial extents or areas (Kockemann et al. 2009 , Thomas 2010 , Morin and Lechowicz 2013 . Given our results show a consistently large importance of isothermality (Bio3) across all groups, and a substantial importance of temperature seasonality (Bio4) for the wideranged species, both geographically and elevationally, we would emphasize that climatic variables, and especially seasonal variation, should be included as a measure of the niche breadth that determines species' distributional ranges over large areas. This is in line with Quintero and Wiens (2013) who concluded that seasonal variation explains most of the variation in climatic niche breadths among species.
Isothermality quantifies how much the diurnal (day-to-night) temperatures oscillate relative to the summer-to-winter (seasonal/annual) oscillations. Some biogeographical studies have noted coincidences between geographical range boundaries and temperature isotherms (Calosi et al. 2010 ). However, isothermality was often overlooked in studies that correlated environmental factors with species' range sizes. This is most probably because isothermality is derived from annual mean diurnal range (Bio2) and annual temperature range (Bio7). It would, therefore, be excluded if a collinearity analysis was performed before any further analysis. In our study area, isothermality is strongly correlated with annual mean diurnal range (Bio2; r = 0.9) and precipitation seasonality (Bio15; r = 0.86), which, on the one hand, indicates that Bio2 and Bio15 are also important, but they did not exhibit a high importance because Bio3 took their places. On the other hand, it could be because the bioclimatic information in Bio3 is more relevant in explaining the distribution of rhododendrons. Temperature seasonality (Bio4) is a measure of temperature change during the year. Over a large area, seasonality indicates periodic departures from the climatic optima for organisms, so high seasonality favours species with adaptations to cope with unevenly distributed resources or conditions. In this sense, seasonality could be acting as an environmental filter for species distributional range (Gouveia et al. 2013) . Because of the strong correlation between temperature seasonality (Bio4) and temperature annual range (Bio 7), we suspect that temperature annual range is potentially also important, particularly for the wide-ranged species. So, climatic variation is considered as a vital determinant for the distribution of alpine and subalpine plant species.
Conversely, although soil properties have been employed as important factors of niche breadth related to variation of geographical range size Lechowicz 2013, Pannek et al. 2013) , the minor importance of edaphic variables in the distribution of all range size groups of rhododendron species seen in our study does not provide any support for this. One possible explanation may lie in the issue of scale. The importance of explanatory variables for species with different range sizes depend both on grain and extent. Different processes determine geographical ranges as the spatial extent of the investigation changes (Baltzer et al. 2007 , Slatyer et al. 2013 . Climatic variables are the most important in determining species' distribution on continental to global scales, whereas edaphic variables are more important at smaller scales (Pearson and Dawson 2003, Morin and Chuine 2006) .
The topographic explanatory variables ranked as the second most important set of explanatory variables. Elevation is always among the top five most important variables across range size groups. We, therefore, infer that a combination of climate variables changing with elevation (Janzen 1967) , and the influence of topography itself (as a barrier to dispersion) might lead to the relative importance of elevation. The moderate to strong correlations we found between topographic and climatic variables (Appendix Figure A1 ) can partly explain the secondary importance of elevation.
Climatic niche breadth determines variation in geographical range size
We found that the geographically wide-ranged species occurred across a broader range of climatic niche conditions, which suggests that species capable of enduring wide ranges of climate conditions can occupy larger geographical ranges. In other words, our results provide empirical support for the climatic variability hypothesis, which can be considered as a sub-hypothesis of the niche breadth hypothesis for explaining the variation in geographical range size of plant species. However, it is worth noting that a critical assumption in the climatic variability hypothesis is that there is indeed an appropriate gradient (latitudinal, altitudinal or otherwise) in climatic variability (Addo-Bediako et al. 2000) . In most cases, geographical range size is an analogue of latitudinal gradients, and climate shows less variation at lower latitudes than higher latitudes within China. Our results therefore support the climatic variability hypothesis. Since this hypothesis was proposed by Stevens (1989) , it has been confirmed by a number of studies. More recent studies have used the term 'climatic niche breadth' rather than 'climatic variability' to illustrate the ability (range) that can be tolerated by one species (Fisher-Reid et al. 2012 , Köster et al. 2013 , Arellano et al. 2014 . showed that climatic niche breadth, which is the range of climatic condition a species occurs in, explained more variation than the niche position, which is a species' niche relative to the central tendency of climatic conditions in a study region for the geographical range size of monkeyflower species (genus Mimulus). also explained the positive strong relationship between the capacity of a species to cope with climatic variability and its geographical range size from an evolutionary viewpoint. They suggested that a species with a broader climate tolerance may be composed of phenotypically plastic genotypes. This would allow for stronger local adaptations by divergent subpopulations to their individual environments. Such species could also harbour greater genetic variation, allowing for a greater environmental tolerance.
Meanwhile, we have shown that variation in elevational range sizes can be mainly explained by shifts in niche range, rather than by differences in the width of these ranges. Precipitation in the driest month seems to be a crucial factor. Elevationally narrow-ranged species require more rainfall in the driest month than the other range size groups, suggesting that these species are more sensitive to drought conditions than wider-ranged species. A combination of orographically induced increases in precipitation with increasing elevation, and decreasing moisture availability at higher altitudes (due to shallower soils) might help create optimal conditions only at very specific elevations (Allamano et al. 2009, Quintero and Wiens 2013) . In addition, although climatic variability was also proposed to explain the variation of elevational range size (Stevens 1992) , it only applies when the climatic variability increases with elevational range. We thus speculate that there is no linear correlation between climatic niche breadth and elevation range in our study of rhododendron species in China. However, steep elevation-induced environmental gradients may limit the habitat available for a species and also act as dispersal barriers between similar environments, effectively restricting the range size (Morueta-Holme et al. 2013) . In fact, variation of elevational range size has been paid little attention in the past years. This is partly due to the conclusion that variation of elevational range is only an extension of variation of geographical range (Stevens 1992) . In addition, the relative few available studies focused on mountain systems and elevational gradients (see White and Bennett 2015) . More taxa thus need to be tested to confirm if there is a more general pattern to be identified.
Differences between species with narrow geographical and elevational range sizes
The geographically narrow-ranged species occur where there are small variations in diurnal, seasonal and annual temperatures, and where small amounts of precipitation in the driest month can be expected. The elevationally narrow-ranged species occur where there are large variations in diurnal, seasonal and annual temperatures, and where there is still ample precipitation in the driest month. Possibly it is the elevationally narrowranged species that grow on the middle part of a mountain, where precipitation is ample and temperature variability is relatively high. The geographically narrow-ranged species could be mainly restricted to specific valleys where the temperatures are more stable. The very weak correlation between both types of range sizes and the distinctly different niche conditions, where narrow-ranged species of both groups occur, suggests that elevational range size can be seen as a complementary trait to geographical range size, containing different information on the environmental requirements of plants.
Implications of climate change
The high importance of isothermality (Bio3), temperature seasonality (Bio4) and precipitation in the driest month (Bio14) in the fitted models in this study suggests that changes of these three variables in the future would have the most profound effects on the distribution in alpine and subalpine plant species. This would especially be the case for species with narrow tolerance ranges. When we compared the current ranges and projections of two models, HadGEM2-ES and MIROC-ESM (available at: http://www.worldclim.org/cmip5_30s), isothermality was expected to stay constant but temperature seasonality and precipitation in the driest month were expected to decrease over the whole of China until 2070. This will affect both the geographically narrow-ranged species that have small tolerance ranges for these variables as well as the elevationally narrow-ranged species that require higher amounts of precipitation in the driest months. Geographically and elevationally wideranged species may be affected to only a limited extent by these changes. 
